PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 1 1 -054478 

(43)Date of publication of application : 26.02.1999 



(SDlntCL 



H01L 21/3063 
C25D 11/32 
601 P 15/12 
H01L 29/84 



(21) Application number : 09-353686 

(22) Date of filing : 22.1 2.1 997 



(71) Applicant : 

(72) Inventor : 



TOKAI RIKA CO LTD 

MURATE MAKOTO 
IWATA HFTOSHI 



(30)Priority 

Priority number : 09147857 



Priority date : 05.06.1997 Priority country : JP 



(54) ANODIZATION METHOD FOR SILICON BOARD AND MANUFACTURE OF SURFACE 
ACCELERATION SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an anodization 
method for a silicon board, wherein a protection film for 
preventing the corrosion of HF solution and a silicon 

board are adhesive to each other and a part excepting | — — ■ :- 

that to be made porous is not corroded by HF solution. 
SOLUTION: An epitaxial growth layer 6, an oxide film 8 
and a passivation film 1 2 are formed on a silicon board 2. 
A metallic protective film 23 formed of W (tungsten) 
covers over an entire upper surface of the passivation 
film 12. except for an opening part which is provided to a 
specified part of the passivation film 1 2. The silicon 
board 2 is immersed in hydrofluoric water solution 27 of 
high concentration and anodization is carried out by 
making the silicon board 2 an anode and the metallic 
protection film 23 to be a counter electrode. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The anodization approach in the silicon substrate which forms the metal protective 
coat in which both the metal itself and the metal silicide concerned have HF-proof nature except 
for a predetermined part to the front face of a silicon substrate, and is characterized by 
performing anodization by making this silicon substrate into an anode plate in the condition that 
the silicon substrate covered in this metal protective coat was immersed into HF system 
solution. 

[Claim 2] the counterelectrode in anodization — the inside of said HF system solution — setting 
— a silicon substrate — receiving — alienation — the anodization approach in the silicon 
substrate according to claim 1 which is the arranged counterelectrode. 
[Claim 3] The counterelectrode in anodization is the anodization approach in the silicon 
substrate according to claim 1 which is a metal protective coat. 

[Claim 4] The anodization approach in the silicon substrate according to claim 3 which is what 
forms the conductor pattern for potential distribution relaxation in the front face of the 
substrate except said predetermined part, and forms said metal protective coat in it after that. 
[Claim 5] The process which forms a p-type silicon layer (21) in the predetermined field by the 
side of the front face of p mold single crystal silicon substrate (2) by impurity addition, By 
forming in the top face of said p mold single crystal silicon substrate (2) the epitaxial growth 
phase (6) which consists of n mold single crystal silicon By the process which embeds said p- 
type silicon layer (21) in this epitaxial growth phase (6), and impurity addition The process which 
forms the p-type silicon layer for opening formation (22) in said epitaxial growth phase (6), The 
process which forms in the top face of said epitaxial growth phase (6) the strain gage (7) which 
consists of p-type silicon. The process which forms the wrap passivation film (12) for the circuit 
pattern (9) after forming the circuit pattern (9) linked to said strain gage (7), By performing 
anode plate chemical conversion of claim 1, where a metal protective coat (23) according to 
claim 1 is formed in the top face of said passivation film (12) The process which changes said p 
mold each silicon layer (21 22) to a porosity silicon layer (25), and by removing said porosity 
silicon layer (25) by alkali etching The manufacture approach of the acceleration sensor of a 
surface type including the process emasculated in a part with this porosity silicon layer (25). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the acceleration 
sensor of the surface type which used the anodization approach of a silicon substrate, and its 
anodization approach. 
[0002] 

[Description of the Prior Art] Carrying out anodization of the silicon substrate in the micro- 
machining of silicon from the former is performed. This anodization makes a silicon substrate an 
anode plate into HF system solution, and is performed by impressing electric field in the 
condition of having been immersed considering electrodes, such as Pt, as a counterelectrode. In 
this case, in the silicon substrate, except the part to porosity-ize. in order to protect from HF 
system solution, covering the front face of a silicon substrate with resin system thin films 
(protective coat), such as a photoresist, is performed. And forming the cavernous section is 
performed by the particular part of a silicon substrate being porosityHzed by this anodization, 
and removing this porosity-ized part by alkali etching at a next process. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the above-mentioned resin system thin film 
(protective coat) had the bad adhesion of a resist-silicon substrate interface, and had the 
problem which is except a part [ HF system solution may be eaten away and ] to porosity-ize in 
the interface and which is eaten away with HF system solution however. 
[0004] Then, using a ceramic system thin film with HF-proof nature instead of the above- 
mentioned resin system thin film is also considered. However, the membranous workability of the 
ceramic system thin film was bad, and since a manufacture process differed from IC process, 
there was an unsuitable problem in forming various components, such as an acceleration sensor 
near IC process. 

[0005] It is in this invention being made in order to cancel the above-mentioned technical 
problem, and the purpose having the adhesion of a protective coat and a silicon substrate, and 
offering the anodization approach of the silicon substrate which is except a part to porosity-ize 
and which is not eaten away by HF system solution however. 

[0006] Moreover, in case the anodization approach of the above-mentioned silicon substrate is 
used and the acceleration sensor of a surface type is manufactured, it is in offering the 
manufacture approach of the acceleration sensor of a surface type which can manufacture the 
acceleration sensor of a good surface type. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, 
invention according to claim 1 The silicon substrate which formed the metal protective coat in 
which both the metal itself and the metal silicide concerned have HF-proof nature except for the 
predetermined part to the front face of a silicon substrate, and was covered in this metal 
protective coat in the condition of having been immersed into HF system solution The 
anodization approach in the silicon substrate characterized by performing anodization by making 
this silicon substrate into an anode plate is made into the summary. 



[0008] a counterelectrode [ in / on claim 1 and / in invention according to claim 2 / 
anodization ] — the inside of said HF system solution — setting — a silicon substrate — 
receiving — alienation — the anodization approach in the silicon substrate which is the arranged 
counterelectrode is made into the summary. 

[0009] Invention of claim 3 makes the summary the anodization approach in the silicon substrate 
whose counterelectrode in anodization is a metal protective coat in claim 1. In claim 3. invention 
of claim 4 forms the conductor pattern for potential distribution relaxation in the front face of 
the substrate except said predetermined part, and makes the summary the anodization approach 
in the silicon substrate which is what forms said metal protective coat after that 
[0010] The process at which invention according to claim 5 forms a p-type silicon layer in the 
predetermined field by the side of the front face of p mold single crystal silicon substrate by 
impurity addition, By forming in the top face of said p mold single crystal silicon substrate the 
epitaxial growth phase which consists of n mold single crystal silicon By the process which 
embeds said p--type silicon layer in this epitaxial growth phase, and impurity addition The process 
which forms the p-type silicon layer for opening formation in said epitaxial growth phase, The 
process which forms in the top face of said epitaxial growth phase the strain gage which 
consists of p-type silicon, The process which forms the wrap passivation film for the circuit 
pattern after forming the circuit pattern linked to said strain gage. By performing anode plate 
chemical conversion of claim 1, where a metal protective coat according to claim 1 is formed in 
the top face of said passivation film The manufacture approach of the acceleration sensor of a 
surface type including the process which changes said p mold each silicon layer to a porosity 
silicon layer, and the process emasculated in the part which had this porosity silicon layer by 
removing said porosity silicon layer by alkali etching is made into the summary. 
[0011] (Operation) To the front face of a silicon substrate, except for a predetermined part, both 
the metal itself and the metal silicide concerned form the metal protective coat which has HF- 
proof nature, and, according to invention according to claim 1, perform anodization by making 
this silicon substrate into an anode plate in the condition that the silicon substrate covered in 
this metal protective coat was immersed into HF system solution. 

[0012] As for the metal used as a metal protective coat in which both the metal itself and the 
metal silicide concerned have HF-proof nature, W, Mo, etc. are mentioned. Therefore, a silicon 
substrate is covered with a metal protective coat except for a predetermined part, and metal 
silicide is formed in the interface of said metal and silicon substrate in a predetermined part. And 
even if a silicon substrate is dipped in HF system solution at the time of anodization, while a 
silicon substrate is not invaded by HF, the interface of the silicon substrate and metal protective 
coat in a predetermined part is not invaded by the metal silicide of said HF-proof nature by HF. 
[0013] according to invention according to claim 2 — anodization — the inside of HF system 
solution — setting — a silicon substrate — receiving — a counterelectrode — - alienation — it is 
arranged, and a silicon substrate is made into an anode plate and performed. According to . 
invention according to claim 3, a metal protective coat is used as a counterelectrode into HF 
system solution, a silicon substrate is made into an anode plate and anodization is performed. 
[0014] According to invention according to claim 4. a conductor pattern eases potential 
distribution at the time of anodization, and a uniform current flows to a silicon substrate in 
anodization. According to invention according to claim 5, after forming a p-type silicon layer in a 
predetermined field beforehand, a porosity silicon layer is formed in the part concerned by the 
anodization approach of claim 1 in the p"-type silicon layer. And by performing alkali etching to 
this porosity silicon layer, only a porosity silicon layer is etched alternatively and the cavernous 
section and the cantilever structured division are formed in an epitaxial growth phase. 
[0015] 

[Embodiment of the Invention] 

(The 1st operation gestalt) The 1st operation gestalt which materialized this invention is 
hereafter explained to a detail based on drawing 1 - drawing 1 1 . 

[0016] The configuration of the acceleration sensor 1 of the surface type of this operation 
gestalt is roughly shown in drawing 1 and drawing 2 . The p-type silicon single crystal substrate 
of field bearing (110) (it is only hereafter called a silicon substrate.) In addition, unlike the 



manufacture procedure which carries out a postscript, explanation of a configuration explains as 
a silicon substrate by which the scribe was separately carried out from the wafer. The crevice 3 
of the shape of an abbreviation square acquired by carrying out alkali etching of the layer which 
consists of porosity-ized p-type silicon is formed in the front-face side center section of 2. This 
crevice 3 has the abbreviation KO character-like opening 4. In this crevice 3, the cantilever 5 as 
the cantilever structured division is arranged possible [ displacement in the vertical direction ]. 
This cantilever 5 is mainly constituted by the epitaxial growth phase 6 of n mold single crystal 
silicon. Four diffusion strain gages 7 which consist of p--type silicon by impurity addition are 
formed in the end face section top face of a cantilever 5. 

[0017] The oxide film (Si02 film) 8 thin as a layer insulation layer is formed in the top face of the 
epitaxial growth phase 6. The circuit pattern 9 and the bonding pad 10 are formed in the top face 
of this oxide film 8 by the physical forming-membranes methods, such as sputtering and vacuum 
deposition. Moreover, the contact hole 1 1 for interlayer connections is formed in the 
predetermined part of said oxide film 8, i.e., the part used as the both-ends bottom of the 
diffusion strain gage 7. The contact hole 1 1 has connected electrically the circuit pattern 9 and 
the diffusion strain gage 7 in the lower layer. And these circuit patterns 9 are electrically 
connected to the bonding pad 10 arranged on the rim section top face of a silicon substrate 2, 
respectively. The thin passivation film 12 for aiming at the insulation in a surface is formed in the 
top face of an oxide film 8 by the above-mentioned physical forming-membranes method. The 
bonding pad 10 is exposed from opening prepared in the predetermined part of said passivation 
film 12. 

[0018] The condition of having mounted the acceleration sensor 1 in another substrate (mother 
board) 13 is shown in drawing 3 . That is, on the whole, the die bond material 14 is applied to the 
rear face of a silicon substrate 2, and a silicon substrate 2 and a mother board 13 are joined 
through the die bond material 14. And the bonding pad 10 by the side of a silicon substrate 2 and 
the bonding pad 15 by the side of a mother board 13 are electrically connected through 
wirebonding 16. In addition, the digital disposal circuit for asking for acceleration based on the 
output voltage from an acceleration sensor 1 is formed in said mother board 13. 
[0019] Moreover, in this operation gestalt, the dimension of each part is as follows. That is, 
thickness [ of a silicon substrate 2 (however, the epitaxial growth phase 6 is included.) ] t and 
width efface w are t = about 500 micrometers and w= 500 micrometers - 1000 micrometers. 
The thickness, width efface, and die length of a cantilever 5 are about 10 micrometers, about 
200 micrometers, and about 300 micrometers, respectively. The path clearance between the 
base of a cantilever 5 and the inner base of a crevice 3 is about 1 0 micrometers. The thickness 
of an oxide film 8 and the thickness of the passivation film 12 are about 0.5 micrometers and 
about 0.5 micrometers, respectively. 

[0020] The equal circuit of the diffusion strain gage 7 (a detail difftjsion distortion resistance R1 
- R4) is shown in drawing 4 . Four diffusion distortion resistance R1 -R4 by which bridge 
connection was carried out Inside, the diffusion distortion resistance R1, and R4 The node of a 
between is connected to the bonding pad 10 for supply of supply voltage Vcc. On the other 
hand, it is the diffusion distortion resistance R2 and R3. The node of a between is connected to 
the bonding pad 10 for touch-down. The diffusion distortion resistance R3 and R4 Two nodes of 
a between are connected to one side of the existing bonding pads 10 for an output. The diffusion 
distortion resistance R1 and R2 The node of a between is connected to another side of the 
bonding pads 10 for an output, in addition, it can set to a cantilever 5 at drawing 2 — each — 
diffusion distortion resistance R1 -R4 The layout is shown roughly. Namely, each diffusion 
distortion resistance R1-R4 R1, R2, R4, and R3 It is arranged on about 1 straight line in order. 
R1 and R3 A longitudinal direction has a relation parallel to the direction where a cantilever 5 is 
prolonged. On the other hand, it is R2 and R4. A longitudinal direction has a relation 
perpendicular to the direction where a cantilever 5 is prolonged. Therefore, the former R1 and R3 
It extends in the [110] directions and is the latter R2 and R4. It has extended in a bar, one bar, 
and the [1 0] directions. 

[0021] It is the arrow head Al of drawing 1 to this acceleration sensor 1. If acceleration 
impresses from a direction, on the whole, a cantilever 5 will displace caudad, and a curve will 



arise in the end face section of a cantilever 5. As a result of distortion arising in the diffusion 
strain gage 7 (diffusion distortion resistance R1 -R4) at this time, the resistance of each 
diffusion strain gage 7 increases or decreases according to the piezoresistance condenser of 
silicon. And acceleration is detected by detecting this resistance value change. 
[0022] Next, the manufacture procedure of the acceleration sensor 1 of this operation gestalt is 
explained with reference to drawing 5 - drawing 13 . First as shown in drawing 5 , p mold single 
crystal silicon substrate (in addition, this manufacture procedure explains the expedient top of 
explanation and a silicon substrate 2 in the state of a wafer) 2 of field bearing (1 10) which 
carried out the shape of a rectangular parallelepiped is prepared, and the mask which is not 
illustrated on the front face of this silicon substrate 2 is formed. Subsequently, to said silicon' 
substrate 2, by an ion implantation etc., boron is driven in and thermal diffusion of the boron is 
carried out further, consequently, it is shown in drawing 6 — as — a silicon substrate 2 — the 
p-type silicon layer 21 is mostly formed in a center section. 

[0023] Next, as shown in drawing 7 , the epitaxial growth phase 6 which consists of n mold single 
crystal silicon with vapor growth is formed in the top face of a silicon substrate 2 in which the 
p-type silicon layer 21 was formed. Consequently, it will be in the condition that the p-type 
silicon layer 21 was embedded in the epitaxial growth phase 6. Then, the mask which is not 
illustrated is formed in the front face of a silicon substrate 2 in which the epitaxial growth phase 
6 was formed. Furthermore, abbreviation KO character-like opening is formed in the 
predetermined field of a mask by photo etching. 

[0024] Next, to said silicon substrate 2, by an ion implantation etc., boron is driven in and 
thermal diffusion of the boron is carried out further. Consequently, as shown in drawing 8 , the 
p-type silicon layer 22 for opening formation which made the shape of an abbreviation KO 
character the epitaxial growth phase 6 is formed. This pHiype silicon layer 22 reaches by Mr. 
Fukashi of the p-type silicon layer 21 currently embedded. 

[0025] Next, the mask which is not illustrated on the top face of the epitaxial growth phase 6 of 
a silicon substrate 2 is arranged. Subsequently, to said silicon substrate 2, by an ion implantation 
etc., boron is driven in and thermal diffusion of the boron is carried out further. Consequently, 
four diffusion strain gages 7 are formed in the part which serves as a end face section top face 
of a cantilever 5 behind. Next, an oxide film 8 is formed in the top face by heating said silicon 
substrate 2 in oxygen or air. Subsequently, by performing photo etching, as shown in drawing 9 , 
a contact hole 1 1 is formed in the predetermined part of an oxide film 8. 
[0026] Next, after performing sputtering or vacuum deposition of aluminum to this silicon 
substrate 2, a circuit pattern 9 and a bonding pad 10 are formed by performing a 
photolithography, subsequently, CVD etc. — SiN and Si3 N4 etc. — it is shown to drawing 10 by 
by making it deposit — as — the top face of a silicon substrate 2 — a circuit pattern 9 — a 
wrap — the passivation film [ like ] 12 is formed. In said passivation process, opening 12a for - 
exposing a bonding pad 10 and abbreviation KO character-like opening 12b are formed in the 
passivation film 12. Then, the top face of the p-type silicon layer 22 is exposed by removing the 
oxide film 8 which hits the top face of the p-type silicon layer 22. 

[0027] Subsequently, on the whole, the physical forming-membranes methods, such as 
sputtering and vacuum deposition, cover the top face of the passivation film 12 by the metal 
protective coat 23 which consists of W (tungsten). At this time, W silicide is formed in the 
interface with which the metal protective coat 23 and the epitaxial growth phase 6 of a silicon 
substrate 2 are in contact in directly under [ of opening 12b (correctly opening of an oxide film 
8) ]. W (tungsten) and W silicide which form the metal protective coat 23 have HF-proof nature. 
Then, as shown in drawing 1 1 , the abbreviation KO character-like opening 24 is formed in the 
part which hits the top face of the p-type silicon layer 22 by the photolithography. 
[0028] And as shown in drawing 12 , a silicon substrate 2 is immersed into the fluoric acid water 
solution 27 as a high-concentration HF system solution, a silicon substrate 2 is made into an 
anode plate in this condition, and a current is passed by using the metal protective coat 23 as a 
counterelectrode. That is, anodization is performed. In addition, V expresses DC power supply, 
and he makes it not impress the formation voltage beyond 0.6V, and is trying to impress the 
most efficient electrical potential difference with this operation gestalt in drawing 12 . The part 



concerned is changed to the porosity silicon layer 25 by porosity-izing alternatively only the part 
of the p-type silicon layers 21 and 22 by the above anodization. At this time, as for the part 
covered with the metal protective coat 23, pervasion of a fluoric acid water solution is prevented 
by this metal protective coat 23. Moreover, in opening 1 2b, in the interface of the metal 
protective coat 23 and the epitaxial growth phase 6 of a silicon substrate 2, since W silicide of 
HF-proof nature is formed, a fluoric acid water solution does not eat away inside from this 
interface. 

[0029] Next, anisotropic etching of the porosity silicon layer 25 is carried out by performing alkali 
etching by TMAH (tetramethylammonium hydroxide). It is easy to dissolve the p-type silicon ' 
layers 21 and 22 in alkali by porosity-izing through anodization. Consequently, the cavernous 
section 26 is easily formed in a part with the porosity silicon layer 25 (refer to drawing 13 ). If 
etching of plasma etching etc. removes the metal protective coat 23 which became unnecessary 
at the end, the acceleration sensor 1 shown in drawing 1 will be obtained. 
[0030] Now, in the case of the acceleration sensor 1 of this operation gestalt, the cantilever 5 
which is the cantilever structured division mainly consists of an epitaxial growth phase 6 of n 
mold single crystal silicon. For this reason, the diffusion strain gage 7 which consists of big p- 
type silicon of a gauge factor can be formed in the top face of the epitaxial growth phase 6. 
Therefore, as compared with the conventional acceleration sensor equipped with the diffusion 
strain gage which consists of n mold silicon, it can be made a high sensitivity thing. Moreover, 
since this acceleration sensor 1 is the so-called surface type, it can be manufactured, without 
passing through the anisotropic etching from the rear-face side of a silicon substrate 2. 
Therefore, problems (namely, (111), increase of the chip width efface W accompanying the 
etching hole along a field being formed etc.) peculiar to the acceleration sensor of the 
conventional bulk mold are also solved. Therefore, the miniaturization of the acceleration-sensor 
1 whole can be attained, maintaining predetermined detection sensitivity. In addition, since a 
cantilever 5 is not exposed from the base of a silicon substrate 2 in it being the acceleration 
sensor 1 of a surface type, the situation of adhesion of the die bond material 14 or contact to a 
mother board 13 does not happen, either. Therefore, it becomes unnecessary to arrange a plinth 
and the mounting activity of an acceleration sensor 1 becomes easy compared with the former. 
[0031] And according to the manufacture approach of this operation gestalt, the following 
operation effectiveness is done so. 

(1) As shown in drawing 18 , the conventional anodization carries out a silicon substrate 29 into 
the fluoric acid water solution 27 in an anode plate, uses the noble-metals plates 31, such as Pt 
(platinum), as a counterelectrode, and is performing them. In this case, in order to perform 
uniform anodization, the thing of a large area with a counterelectrode 31 equivalent to a silicon 
substrate 29 is needed. In addition, 30 in drawing is a resin system protective coat. Since the 
metal protective coat 23 is used as the counterelectrode to it according to the anodization 
approach of this operation gestalt, the counterelectrode which consists of an expensive ndble- 
metals plate has the advantage which becomes unnecessary. For this reason, as compared with 
the former, anodization can be performed cheaply. 

[0032] Moreover, since [ of a silicon substrate (wafer) 2 ] it is mostly formed in all front faces, 
the metal protective coat 23 can perform uniform anodization. Since the metal protective coat 
23 is formed in the latest of a wafer (silicon substrate 2) and it is considering as the 
counterelectrode, it becomes unnecessary furthermore, to take into consideration resistance of 
the fluoric acid water solution 27. since [ namely, ] the conventional anodization approach had 
estranged the wafer (silicon substrate) and the counterelectrode — resistance of a fluoric acid 
water solution — taking into consideration — DC power supply V — current control — or it is 
necessary to carry out armature— voltage control and to perform anodization Anodization can be 
made easy to perform with this operation gestalt, since it becomes unnecessary to take into 
consideration resistance of the fluoric acid water solution 27. 

[0033] (2) It was made not to impress the formation voltage beyond 0.6V into anodization with 
this operation gestalt. The leakage current (reactive current) to which this reason does not 
participate in anode plate chemical conversion through a circuit pattern 9 since diode is formed 
in the pn junction of the p-type silicon single crystal substrate 2 and the epitaxial growth phase 



6 when the electrical potential difference beyond 0.6V is impressed [ in / temporarily / 
anodization ] flows. Since it was made not to become more than 0.6V so that leakage current 
(reactive current) may not flow with this operation gestalt to it. the effectiveness of anodization 

can be mentioned. ^ 

[0034] (3) the metal protective coat 23 which consists of W (tungsten) — high-melting — it is - 
- a coefficient of thermal expansion — SiN and Si3 N4 etc. — since there is adhesion of the 
epitaxial growth phase 6 of the passivation film 1 2 and a silicon substrate 2. and near and they, it 
does not exfoliate 

[0035] (4) Since it is the approach of carrying out anodization of this layer after forming the p- 
type silicon layers 21 and 22 in a predetermined field beforehand, as compared with the 
conventional approach which carries out anodization of the front face of a silicon substrate 2 
directly, it is hard to produce dispersion in the configuration and the depth of the anodization 
section. 

[0036] (5) Since it is the approach of forming the epitaxial growth phase 6 on the p-type silicon 
layer 21, formation is not necessarily especially difficult. 

(6) Since it is the approach of performing anodization after completion of a passivation process, 
the cavernous section 26 can form the metal protective coat 23 in the state of un-forming. 
Therefore, formation of the metal protective coat 23 becomes easy. 
[0037] If it puts in another way. since the metal protective coat 23 will not enter in the 
cavernous section 26, it becomes unnecessary to perform troublesome removal. Moreover, there 
is neither alkali etching nor a fear of a circuit pattern 9 and bonding pad 10 grade being polluted 
by etchant since it is carried out after completion of a passivation process. Since it is above, 
according to this manufacture approach, the process simplification and the formation of activity 
easy at the time of manufacturing an acceleration sensor 1 can be attained. 
[0038] (7) Furthermore, there is a merit which removes the porosity silicon layer 25 of not 
receiving constraint especially in field bearing of a silicon substrate 2 as it is this manufacture 
approach. Moreover, fundamentally, the manufacture approach (the anodization approach which 
uses W (tungsten) as a metal protective coat 23 is included) of this operation gestalt is close to 
the manufacture process of the bipolar IC which uses W (tungsten) as a gate ingredient of IC. 
Therefore, there is a merit that an acceleration sensor 1 and a bipolar IC can be unified. This is 
convenient when realizing a miniaturization and improvement in the speed of an acceleration 
sensor 1. 

(The 2nd operation gestalt) Next, the 2nd operation gestalt similarly materialized to the 
manufacture approach of an acceleration sensor 1 with reference to drawing 14 - drawing 17 is 
explained. In addition, the same or sign same about a corresponding configuration as the 1st 
operation gestalt is attached, and the detailed explanation is omitted. 

[0039] This operation gestalt is for equalizing potential further rather than the .1st operation - 
gestalt in anode plate chemical conversion. Drawing 14 shows the silicon substrate 2 before 
carrying out a scribe. Drawing 15 shows the condition of having covered the front face of a wafer 
by the metal protective coat 23. In addition, while the part exposed to the front face of the 
silicon substrate 2 of the p-type silicon layer 22 by drawing 14 and drawing 15 for convenience 
and opening of explanation are expanded and shown, the circuit pattern 9, the bonding pad 10, 
and the diffusion strain gage 7 grade are omitting. Moreover, drawing 16 shows the outline 
sectional view of an acceleration sensor. 

[0040] And with this operation gestalt, the manufacture procedure of drawing 9 of said 1st 
operation gestalt is made the same.. And with this operation gestalt, it is manufactured as follows 
after the process of drawing 9 . 

[0041] After performing sputtering or vacuum deposition of aluminum (aluminum) to a silicon 
substrate 2, a conductor pattern 28 is formed in a circuit pattern 9 and a bonding pad 10, and a 
list by performing a photolithography. As shown in drawing 14 , said conductor pattern 28 is 
formed in the shape of a grid so that it may be arranged between the parts used as the 
component on each silicon substrate (wafer). 

[0042] subsequently. CVD etc. — SiN and Si3 N4 etc. — it is shown to drawing 1 6 by by making 
it deposit — as — the top face of a silicon substrate 2 — a circuit pattern 9 — a wrap — the 



passivation film [ like ] 12 is formed In said passivation process, opening 12a for exposing a 
bonding pad 10 and a conductor pattern 28, and abbreviation KO characterHike opening 12b and 
opening 12c are formed in the passivation film 12. Then, the top face of the p-type silicon layer 
22 is exposed by removing the oxide film 8 which hits the top face of the p-type silicon layer 22. 

[0043] Subsequently, on the whole, the physical forming-membranes methods, such as 
sputtering and vacuum deposition, cover the top face of the passivation film 1 2 by the metal 
protective coat 23 which consists of W (tungsten). At this time. W silicide is formed in the 
interface with which the metal protective coat 23 and the epitaxial growth phase 6 of a silicon 
substrate 2 are in contact in directly under [ of opening 12b (correctly opening of an oxide film 
8) ]. Moreover, a conductor pattern 28 and the metal protective coat 23 are electrically 
connected through opening 12c. 

[0044] Then, as shown in drawing 15 , the abbreviation KO character-like opening 24 is formed in 
the part which hits the top face of the p-type silicon layer 22 by the photolithography. And a 
silicon substrate 2 is immersed into the fluoric acid water solution as a high-concentration 
fluoric acid system solution, a silicon substrate 2 is made into an anode plate in this condition, 
and a current is passed by using the metal protective coat 23 as a counterelectrode (illustration 
of a fluoric acid water solution is omitted in refer to drawing 16 , in addition drawing 16 .). That 
is, anodization is performed. In addition, V expresses DC power supply also with this operation 
gestalt, and he is trying not to impress the formation voltage beyond 0.6V with this operation 
gestalt by it The part concerned is changed to the porosity silicon layer 25 by porosity-izing 
alternatively only the part of the p-type silicon layers 21 and 22 by the above anodization. At 
this time, as for the part covered with the metal protective coat 23. pervasion of a fluoric acid 
water solution is prevented by this metal protective coat 23. Moreover, in opening 12b, in the 
interface of the metal protective coat 23 and the epitaxial growth phase 6 of a silicon substrate 
2, since W silicide of HF-proof nature is formed, a fluoric acid water solution does not eat away 
inside from this interface. 

[0045] Next, by performing alkali etching like said 1st operation gestalt hereafter, anisotropic 
etching of the porosity silicon layer 25 is carried out, and the cavernous section 26 is formed in 
a part with the porosity silicon layer 25. Etching of plasma etching etc, removes the metal 
protective coat 23 which became unnecessary at the end, a scribe is carried out for every 
component, and the acceleration sensor 1 shown in drawing 17 is obtained. 
[0046] The following operation effectiveness is done so with this operation gestalt. 
(1) With this operation gestalt, the conductor pattern 28 has been arranged in the shape of a grid 
so that it may be arranged between each component And it is aluminum (resistivity 
rho=2.7microomegacm) which constitutes the conductor pattern 28, and the direction of a 
conductor pattern 28 has low resistivity by W (tungsten: resistivity rho=5.5microomegacm) which 
constitutes the metal protective coat 23. Since a current flows in anodization the conductor 
pattern 28 which is low resistivity rather than the metal protective coat 23, the potential 
distribution within a wafer side is improved by this (relaxation of potential distribution), and a 
uniform current can be passed in anodization by it For this reason, uniform anodization can be 
performed. 

[0047] In addition, when the above-mentioned metal protective coat 23 is formed in Mo 
(molybdenum) instead of W (tungsten), it is the resistivity rho=5.2microomegacm, and the same 
effectiveness is done so for [ of the conductor pattern 28 formed from aluminum ] low 

resistivity. 

[0048] (2) In this operation gestalt, said conductor pattern 28 was formed with aluminum, and it 

formed with the same ingredient as a circuit pattern 9. For this reason, in the same process as 

the circuit pattern 9 which constitutes a circuit, since a conductor pattern 28 can be formed, a 

process does not increase and a conductor pattern 28 can be formed easily. 

[0049] The operation gestalt of this invention can be changed as follows, for example. 

(1) Substrates, for example, (111), the substrate, substrates (100), etc. other than field bearing 

(110) may be used as a p mold single crystal silicon substrate 2. In addition, if a substrate (100) 

is used in the operation gestalt 1, it can be made high sensitivity more. 



[0050] (2) KOH, a hydrazine, EPW (ethylenediamine-pyrocatechol-water). etc. may be used as 
alkali system etchant other than TMAH. 

[0051] (3) As a metallic material which forms a circuit pattern 9 and a bonding pad 10, Au etc. 
may be chosen other than aluminum. 

(4) When manufacturing an acceleration sensor 1, it may replace with the epitaxial growth phase 
6 of n mold single crystal silicon, for example, a polycrystalline silicon layer, an amorphous silicon 
layer, etc. of n mold may be formed. 

[0052] (5) The thin film strain gage which replaces with the strain gage 7 of the diffusion mold 
illustrated in the 1st operation gestalt, for example, consists of Cr, polycrystalline silicon, etc. 
may be formed. 

(6) The mass section may be formed in the point bottom of a cantilever 5 in the 1st operation 
gestalt 

[0053] (7) The bipolar IC which functions as a signal logical circuit etc. may be formed in the 
tooth space around the cantilever structured division in the front face of a silicon substrate 2. 
(8) With said 1st operation gestalt. although W (tungsten) was used as a metal protective coat, 
even if it uses Mo (molybdenum), do so the effectiveness of (1) ~ (5) of the 1st operation gestalt. 
moreover, the metal protective coat which consists of Mo (molybdenum) — W (tungsten) — the 
same — high-melting — it is — a coefficient of thermal expansion — SiN and Si3 N4 etc. — 
since there is adhesion of the epitaxial growth phase 6 of the passivation film 12 and a silicon 
substrate 2, and near and they, it does not exfoliate 

[0054] (9) Although it considered as the counterelectrode with said 1st and 2nd operation gestalt 
when carrying out anodization of the metal protective coat instead, of course, it is also possible 
to use noble-metals plates, such as Pt, as a counterelectrode as usual, and to perform 
anodization. 

[0055] Here, the technical thought grasped according to the operation gestalt mentioned above 
is listed to below with the effectiveness besides the technical thought indicated by the claim. 
(1) It is the anodization approach characterized by a conductor pattern having low resistivity 
rather than resistance of a metal protective coat in claim 4. Since a current flows a conductor 
pattern with little resistance by carrying out like this, the potential distribution within a wafer 
side can be improved, a uniform current can be passed in anodization, and uniform anodization 
can be performed. . 

[0056] In addition, the terminology used into this specification is defined as follows. 
"Cantilever structured division : Say the thing which the part displaced when acceleration 
impresses was meant [ thing ]. for example, made the mass section support by one or two beams 
or more, the thing of only a cantilever without the mass section, etc' 

"Anodization : Say package reforming processing which forms a porous layer in the substrate by 
passing a current by making a substrate into an anode plate in the electrolytic sdfution." 
[0057] 

[Effect of the Invention] As explained in full detail above, according to invention according to 
claim 1 to 4, there is adhesion of the protective coat which protects a silicon substrate from 
pervasion by HF system solution used in anodization, and a silicon substrate, and the 
effectiveness that the thing which is except a part to porosity-ize and which is eaten away with 
HF system solution however can be prevented is done so. Moreover, if a metal protective coat is 
used, it can consider as the thing near the manufacture process of IC. 
[0058] According to invention of claim 3. since the counterelectrode which consists of an 
expensive noble-metals plate becomes unnecessary, anodization can be performed cheaply. 
Moreover, since [ of a silicon substrate ] it is mostly formed in all front faces, a metal protective 
coat can perform uniform anodization. Moreover, anodization can be made easy for it to become 
unnecessary to take resistance of HF system solution into consideration, and to perform, since a 
metal protective coat is formed in the latest of a silicon substrate and it is considering as the 
counterelectrode. 

[0059] According to invention of claim 4, the potential distribution within a wafer side can be 
improved, a uniform current can be passed in anodization. and uniform anodization can be 
performed. According to invention of claim 5, in case the acceleration sensor of a surface type is 



manufactured, the acceleration sensor of a good surface type can be manufactured. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The outline sectional view showing the acceleration sensor of the surface type of 
the 1st operation gestalt. 

[Drawing 2] Similarly it is the outline top view. 

[Drawing 3] The outline sectional view showing the condition of having mounted this acceleration 
sensor. 

[Drawing 4] The representative circuit schematic of this acceleration sensor. 

[Drawing 5] For (a), the outline sectional view showing the manufacture procedure of this 

acceleration sensor and (b) are the outline top view. 

[Drawing 6] Similarly, (a) is an outline sectional view and (b) is an outline top view. 

[Drawing 7] Similarly, (a) is an outline sectional view and (b) is an outline top view. 

[Drawing 8] Similarly, (a) is an outline sectional view and (b) is an outline top view. 

[Drawing 9] An outline sectional view [ in / similarly / in (a) / the A-A line of (b) ] and (b) are an 

outline top view. 

[Drawing 10] An outline sectional view [ in / similarly / in (a) / the B-B line of (b) ] and (b) are 
an outline top view. 

[Drawing 1 11 Similarly it is an outline sectional view. 

[Drawing 12] The explanatory view showing the anodization approach. 

[Drawing 13] Similarly it is an outline sectional view. 

[Drawing 14] The outline perspective view showing the manufacture procedure of the 
acceleration sensor of the 2nd operation gestalt. 
[Drawing 15] Similarly it is an outline perspective view. 

[Drawing 16] The explanatory view showing the anodization approach similarly. 

[Drawing 17] The outline sectional view showing the acceleration sensor of the Surface type of 

the 2nd operation gestalt 

[Drawing 18] The explanatory view of the conventional anodization approach. 
[Description of Notations] 

1 [ — The cantilever as the cantilever structured division, 6 / — An epitaxial growth phase, 7 / 
— A strain gage. 9 / — A circuit pattern, 12 / — The passivation film. 21 / — A p-type silicon 
layer, 22 / — The p-type silicon layer for opening formation, 23 / — A metal protective coat, 
25 / — Porosity silicon layer. ] — The acceleration sensor of a surface type, 2 — p mold single 
crystal silicon substrate, 3 — A crevice, 5 



[Translation done.] 
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^^£3l$^clt^g^^LT, ^m\:.^^^m\zno zLt^x^^. 

. [ 0 0 3 2 ] X, ^JS«S^2 3Ji, •>'Ja>SS {,0 

XA) 2 ofat^^aSfcj^fiJS^n-s^ta?), i^— 

fiJt€:fTa C <i:;:?^r ^^\z. {'^ ^} zi y^WL 

2) <Dfii[ia(c^^<ssm2 3 /)«j^j5jt$ nr. ^\^^m^ 
^cMi^ffi^jpLTfisarkfijc^ff-^ig^STUt**. con 

[0 0 3 3 ] (2) COHJSJ^Sgrtt. l^g{kfi£4'tC 

fi, 0. 6 VJ£;l±Ofkj5Sm/E€:ep^jaL;^(.^cte)tCL/t, 

ffi«r8lllDU)5:ii^, P M U n > 2 t x ^ 
4^i/-\-;H53cS® 6 i:Op n>?^>i^i/3 >-Cfi, ^-f^t 

H;5^'J^^$nTV^^?ta6, 12^/'^ i57 - > 9 ^:fM/ 

mtiSL^m\z^^'\^r^\^^ ^)-^^m mi^^m) .^f^mn 

fi^mt\t^\,^^o\zO , ^V^^t.U^U^'^^o 

[ 0 0 3 4 ] (3) {S^ >^7.^» t^ii^t^^^m. 

«SI^2 3 II, llSiM,^X3r> 0 , S i N^S 

[ 0 0 3 5 ] (4) m^mm^z^ibf)^ci()iimi^'j :j 
>m2i, 2 2 ^mn^Lram. mm^mmiti^T^:^m 

^'iSt^yj\iih^m\^x. ^^i\:i$.^(Dj^^^'^'^\z\t 

etc < . 

[ 0 0 3 6] (5) p Si X U 3 >® 2 1 ±JCX t:^4^ 




{ 
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2 3 (Dm^f}^m^\ZfJ,^. 

[0 0 3 7 ] mmr^t. ^m%2 6 \H^z^m^mm2 

^:}^ >7^^ >iy/^ K 1 0 ^f)^ X, y ^ ^ > h izm^^ n 
[ 0 0 3 8 ] (7) $ 6 tC, ^7LH-> U u >® 2 5 $ 

^mmmm<DSim:^m (w (:$^>^X5^>) ^±m^m 
jcfi. m?L^ti c coy- h*r*jf <i: UTw >^;^5^ 

[ 0 0 3 9 ] c(Dmmff^m^t. mmit^simm^zi^^^xm 

-3d*. EI14fi, ^< :rt"S^(75'> 'J 3 2 

€:So/i:t*:M$^UTV^*. i5i co ± . El 

4 so:® 1 5 T^i, pS'>U 3 >lg 2 2 (TJ-xU 3 

tt>{C, S^/t^->9, :j<>7^>'>^?</'^'yHlO. 

£i -fe > O «| HS ® 0 €r ?n L r i . 
C 0 0 4 0 ] -5-L/T, dcDHilSfl^lirii. miia^ l 

CO 0 4 1] >- U 3 2 (C^Ur A I (TJU^X*^ 

Z^:^>^^ >Cf/^y }^ I 0 . ^OftC, ^«sA5'->2 8 
^J^^-r^. stJlfiiS^^/^^^- > 2 8 fi, (2I14{C^-rj: 

[0042] ^^(.^T. CVD^tCioTS iN-^S i, 




6 ) 1 1 - 5 4 4 7 8 
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o^z. iyo^>mm2<D±m\zmB/^^ — >9^mo^ 

— '> 3 >XetCi3l^T, A -y i/'^C— •> 3 >^ 1 2 
3j^>5^^ >i/A-y H 1 ORt;i^^A^-> 2 8 ^ S ^ 
ii:^rzi5b<Dmami 2 a BS3^tfe<DB8Qg5 1 2 b. 
^tC/^Pg5 1 2 c <i:;5«Ji^^$ns. CIO^, pSfv-'ja 
>ja 2 2 0±®{C*/t'5K^kK8 ^l^^f^dtiCJ:^' 
T. pl/5>'J=i>/12 2CO±3D$:Stli$-tl-*, 
[0 0 4 3] A-yv'^ — >'3>^12(7)±®€: 

T^Sf -s. ^agci 2b (iE5itcti®f^i:^ 

>s«2oxfcr^=^=">-\';ufi£S® 6 iit>mLx\i^^^m 

2 c ^f\'Vxmi^/'^^ — > 2 s ^m^mf^23t\t 
^^&^\z^m^n^. 

[0 0 4 4] ccotk. 0 1 5 tc^sn* J: ^ JC. y h 
'jy^^7><(Cj;or, pSi*>'Ji3>®2 20±M{C$» 

20 ft^^^^zf^zi^^<Dmo^2 4 ^jf^^-r^. "tVX. 

U =3 2 $Jl5iag^co:7 -y K^i^JSi: LT<07 -y® 

L, ^iS^^^ 2 3 ^^fSl^M^ LTIIz?f£^D?tr (Ell 

\t. 0. 6 VJe;^±<7){l:^mJE$:^Sn L/T^t^.^ J: tC L/TVi 

*. mlIBoj:prctl^@ft:^tcJ:t>TpSi>''J 3>il2 

1. 2 2 0g5^<7)i?^$iltRfi«JtC^7LKfl:-rsc:i:{c.i: 
30 0, ^SSB5^^£^7LH'> U 3 >J1 2 5 IC^{b$-tt*. C 

^mm2 3 \zxy ymyf^i^}^<D^^i)m±^ti^. 

Mnfig 1 2 b fCiSViT, ^m^kmm 2 Z hi^ U 3 >^ffi 

2 (DJL\^^^z^ ^ ))^f^mm 6 t(D^m\Z:h^^X\t. MiH 

g& I c 7 V K tK ^§ Jffi :^ -r S c <h f 1 i • 

[ 0 0 4 5 ] 'A\z, sxT. mfE^f^mmmmtm^zr 

JU;^ «J X-y ^V^y^fTO C chfCcfc^T. ^7LH>'U3> 
^ 2 5 ^S;^14Xy ^>^L, ^TLSv'J 3 >® 2 5 7i« 
40 ^o/::S55i'JC^rllgS2 6 ^rJ^JSJcf'S. S^fC, ^Si:;^ 
ofc^S«a^2 3 ^y^X^X^y ^>iJ^^<7)X*y ^> 

i/tCcfcof^^b, m'rm^zT.^ :/Lx. mi7\z^ 
[ 0 0 4 6 ] z(onmmm.x\t. Tf^of^m^^^^m-r 
( 1 ) z(Dmmmmx\t. a^^^A5'-> 2 s^^m^F 

/t37-> 2 8 ^mj5KL-cu^)r;u5xr>A im.tfimp = 

2. 7uQcm) T$>0, ^J^^SI^ 2 3 S: L T 
50 -SW >^/X'r-> : Sta^pp = 5 . 5 /z Q c m) "C. 
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II 

to 0 4 7 ] u^. ±^^m^mm2 a^w {^>^7. 
T->) (of^5t>o*c. Mo (^urx>) {zxm^Lftm 

CO 0 4 8 ] (2) z<DmmB^x\tm^mi^/^^- 

>2 S^7)i'^-Olx\ZXJB0^L. mm/^^-> 9 

CO 0 4 9 ] :^^m(Dmmmm\:i. mpLiit;k<Dx-D\z^ 
mr^ctti^-sjmx$>^. 

(1) nmmm^Bi^v zj>^^2 tLxmyji^L ii 1 20 

0 ) ^^c^S^, 0»JAt^ ( 1 1 1 ) g^-^ ( 1 0 0 ) g 

^^^m^Lx^^^^. r^^. ^m^mi\z^\^^x (1 
0 0) s«€:{§e^rn«. cfc Oisj^stcrs c<fc;)tr^ 

C 0 0 5 0 ] (2) TUAH^n(Dr)ltl^J?^.Jiy^ 
r>Si:LT. i?*lx.fiKOH, h:H^v>, EPW (X 

C 0 0 5 1 ] (3) i5^/^5^-> 9 >-r >^ 

K 1 0 €:JgJ5!£-r'5^S^^s|sfi:LT. A I <Z){5;5MC0IJ 30 

(4) SUil^-tr >-t>- 1 ^rffiiitT'SJi^. nSi^^^0'> 

•J 3 >oox t:^4^>'^;u^Sjg 6 fcf^AT, mx\^nm 

( 0 0 5 2 ] (5) m I nmmmizii}.^xm7r:Lrtii}: 

zi >^f}^^fj:^mmm^y-i^^B^Lxh^^u 
(6) m 1 mmmm^z^^^x. m-i^-^^ 5 co^tsaggT 

C 0 0 5 3 ] (7) U 3 2 CD^@JC4bMt-5;^ 

tLxmrnr^/^^-TTf.-^ i c^j^^L.T=bcti/i, 
(8) mB^m m^mmxit. ^/s^si^iiUTw 

fiEffiOTt), ^i^M?^sg<7) (1) - (5) co^m^m 
r^. X. Mo {=Eijzfv^>) f}^^u^^m^mmhy^ 

?)<SiN-^Si, N. ?ii:<0/1u/ x'^ — -> 3 >K 1 2 & 



) 1 1 - 5 4 4 7 8 

!2 . 

[ 0 0 5 4 ] (9) niitB.m iRv^mzm^mw^xn. 

-^(DRt^o^z^Mtmm^zp tmoM^m^^Mi^-mm 
tLxmmvx. fSk^it^^tfo cthintSi^mx$> 

CO 0 5 5 ] CCX, 1^llFii*CD|SHlClH«g$n/zarr 

^n. mmit0^\zi6i.^x. t^-unm^m-r z ii/i^x 
CO 0 5 6 ] ^:fe, ^mm^^\zm^xmmLft^'i/tim 

ct\zj:r). ^(Dm^^zi^nnm^m^r^-i^^nm 

C 0 0 5 7 ] 

{^^(DSc^^:] i^±mmLrc<^oiz. mi^miT^m^iz 

9v<Dtz^y)^HF ^mmizx^^^n^ z t ^^±r^ 
zt^^x^^^^k^mr^. X; ^m^mm^^m-r^ 

I C<7:>Skm'^a't7.\zi5:^^hph-r^zti}^XB- 
CO 0 5 8 ] 3 co^^tCctn(^, i«il;5:S^JS^ 

\^ii±^mizm^:^n^^isb. i^-ummit^^no z 

Zt/)^X^^. 
CO 0 5 9 ) if^Ii4C0^B^{cJ:ntjr, -^ZXAffil^CD^ 

:^ms <D^BMi>zj:t\u. mmm(DMmmt>^^mM-r 
^m^z B:nr^^mm<Dmmm±>'^^mm'r ^ z t/3<x 



( 8 ) 
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4] mmmm-ty^o^^m^^m. 
5] (a) \immm&ii>ifo:>mm^m^^'r^m 
mm^. (b) it-^tDist^w^mm. 

6] PJi;< (a) (IttBS^r®®, (b) \tiSif^W^m 



7] i^i;< (a) \t&i^mmm. (b) t^^ass^© 

] IUi;< (a) ««BSWr§aia. (b) JtStBS^® 



[9] mC< (a) (b) OA- A^tC^fc^t-S^EBS 

wimm. (b) (t^iis^^Bi. 

1 0] f^i;< (a) (b) OB - Bi^fCiSfrtSftt 
BS^SS, (b) ti^BS^SS. 

:s 1 1 ] mc< ^mmmm. 
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II 2] i©s<bfi£:^?i^^TiJi^ia. 
1 1 31 mc<istB&mm^. 

016] mc<mmit^i7m^Brtsim^. 

lai 7] ^2^BfiJ^Sgos®^ojbniiS't:>t^*^f ' 



0 18] vtM(Dmmit^:^m(ommm. 
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